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Abstract 
The cytochemical localization of enzymat ic 
activity by means of backscattered electron 
imaging (BEi) is reviewed and the application of 
BEI to changes in acid phosphatase and ATPase 
distribution during physiological (programmed) 
ce ll death in Heliothis midgut is explored. 
Programmed cell death entails the release of 
nascent free acid phosp hatase as extracisternal 
hydrolase. This shift can readily be detected by 
means of the atomic number contrast imparted by 
BEI of the lead phosphatase reaction product, 
thus enabling the distribution of dying cells to 
be mapped. BEI is particularly useful in this 
context as it allows the examination of bulk 
specimens at low magnification. 
Death of cells is also accompanied by a 
collapse in ATPase activity which shows up as 
cytochemically negative areas in the X-ray 
microscope and by means of BEI. Acid phosphatase 
in normal cells is localized in the apical 
microvilli and lysosomes. Senescent or dying 
cells, however, clearly show a basally situated 
free hydrolase which migrates throughout the 
cell. Parallel TEM results confirm that this 
enzyme is ribosomal and extracisternal rather 
than lysosomal in origin . 
ATPase activity is largel y limited to the 
apical microvilli, although there is some 
activity associated with the basal plasma 
membranes. The apical ATPase , however is 
partially resistant to ouabain. Young and mature 
cells are positive although in the latter case 
some microvilli may be lost as the cel ls acquire 
a negative cap or dome. Inhibition by 
bromotetramizole indicates that apical activity 
is not to any significant extent contributed to 
by alkaline phosphatase. Degenerate or dead cells 
are negative and can be seen as a mozaic of 
"black patches" among normal cells when imaged by 
means of BEI or X-ray microscopy. 
Key Words: Backscattered electron imaging, cell 
death, Heliothis midgut, Acid phosphatase, 
ATPase. 
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Introduction 
The backscattered electron imaging (BEI) of 
cells and tissues has been extensively reviewed 
by Becker and Sogard (1979), Albrecht and Wetzel 
(1979), Newcombe and Boyde (1980) and Hartmann 
and Nakane (1981) . More recently Bowen et al, 
(1983) have reviewed the applications of 
backscattered electron imaging 
histochemistry and Soligo et al 




the area of 
Histochemical and cytochemical reaction 
products often contain atoms of high atomic 
number and backscattered electrons can therefore 
provide the investigator with information as to 
the localization of chemical constituents within 
a specimen, since the number of e l ectrons 
scattered increases with the atomic number of the 
elements encountered . 
In general, cells and tissues contain 
materials of relatively low atomic number and 
good contrast can be obtained between metal 
containing reaction products and surrounding 
biological structures. Indeed, severa l 
histochemically deposited reaction products of 
sufficiently differing atomic number can be 
localized within tissue sections of generally low 
atomic number (Bowen et al 1983). 
Backscattered e lectr on imaging resulting in 
atomic number contrast has already been widely 
used in the context of histochemistry and 
cytochemistry . These studies deal with silver 
staining methods, DAB-osmium techniques and lead 
salt methods for localizing enzyme activity 
(Becker and Sogard 1979, Soligo and de Harven 
1981). 
Applications of BEI to enzyme histochemistry 
are summarized in Table 1. In this investigation 
we employ BEI to detect changes in the pattern of 
lead salt localized acid phosphatase and ATPase 
activity characteristic of impending cell death. 
Bowen (1984) and Bowen et al (1982, 1986) have 
established the emergence of a distinct ribosomal 
free acid phosphatase as a characteristic of 
programmed cell death in invertebrate 
development. The technique is applied here in the 
SEM to map impending cell death in developing 
Cotton Boll worm (Heliothis armigera) midgut. 
There is accumulating evidence that the normal 
development of multicellular organisms is 
Bowen et a l 
Table 1 
Applications of BEI in Enzyme Histochemistry. 
Authors 
Watanbe (1972) 
Watanbe & Ohi shi (1972) 
Carr & McGadey (1974) 
Becker & Sogard (1979) 
Carter (1979 , 1980) 
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Newcombe & Boyde (1980) Langerhans cells in 
mouse ear epidermis 
Soligo & de Harven 
(1981) 
Blood cells 
dependen t on a genetically programmed cell death 
(Bowen and Lockshin 1981, Davies and Sigee 1984). 
Metamorphosing endopterygote insects provide the 
most striking examples where cataclysmic waves of 
predictable cell deletion sweep over the larval 
tissues which are subsequently reconstructed to 
form the adult tissues. Histopathological changes 
in the midgut of Heliothis infected with Bacillus 
thuringiensis have been described by Salama and 
Sha~by(l985) and the study presented here i s a 
prelude to further studies on Bacillus 
thuringiensis induced cell death. The techniques 
developed here would thus provide us with a means 
of comparing both progra mmed and induced cell 
death. A scanning electron-microscopical study of 
B.t. indu ced lesions in the larval midgut of 
Manduca sexta has recently been reported by Spies 
and Spence (1985) and the mode of action of B.t. 
endotoxin has been reviewed by Ellar et al 
(1985). 
In a novel approach the concomitant loss of 
ATPase activity associated with cell death is 
also mapped by means of backscattered electron 
imaging and X-ray microscopy. In order to 
demonstrate clearly the coincidence of ATPase 
collapse and developmentally programmed cell 
death, metamorphosing larval blow fly salivary 
glands which show a synchronous pattern of cell 
death were also investigated as a comparative 
tissue . Cytochemical controls were carried out 






Endogenous peroxi dase Os 






























L-p-br omotetramisole and sodium 
addition to the "no-substrate" 
Methods 
Material for both backscattered electron 
imaging and X-ray microscopy were prepared using 
the same method. 
5th instar Heliothis armigera larval midguts 
and 5th to 8th day larval salivary glands of 
Calliphora erythrocephala were fixed in a 
solution of 0.5% glutaraldehyde in cacodylate 
buffer at pH 7 . 4 for one hour at 4°C . After 
rinsing in cacodylate buffer for 1-2 hours the 
samples were incubated for either acid 
phosphatase (Ryder and Bowen 1975) or ATPase 
(Lewis and Knight 1977) for 45 minutes at 37°C. 
Both methods employ a lead salt as coupler and 
the final reaction product is lead phosphate, 
which confers high atomic number and electron 
scattering properties to the appropriate sites of 
enzymatic activity. The tissues were then washed 
in buffer for 1-2 hours, dehydrated and 
critically point dried from co
2
. Specimens for 
backscattered electron imaging were mounted on 
carbon stubs and coated with carbon. Samples for 
X-ray microscopy were x-rayed without any further 
preparative procedure. 
BEI o f physio l ogical ce ll death 
"No-substrate" controls were carried out on 
all enzyme tests and additional cytochemical 
controls were performed on parallel cryosections 
as well as HEMA embedded material, lOmM sodium 
fluoride was added to incubating media to abolish 
acid phosphatase activity. Alkaline phosphatase 
activity was controlled by the addition of O.SmM 
L-p-bromotetramisole (Borgers and Thone 1976). 
Ouabain lOmM was added as an inhibitor of Na+ and 
K+ de pende nt ATPase, although the ouabain 
sensitivity of insect ephithelial tissue has been 
questioned (Anstee and Bowler 1979). Larval 
Ca lliph ora salivary glands were also employed as 
a positive indicator for the ATPase experiments. 
These glands show a well defined proven pattern 
of cell death during metamorphos is (Levy and 
Bautz 1985). 
Apparatus 
For backscattered electron imaging a JEOL 
35C with a backscattered detector attachment was 
used. Secondary and backscattered electrons were 
recorded simultaneously at an acceleration 
voltage of 12 kV. An energy dispersive X-ra y 
analytical system (Link 860 series 2) was used 
for analysis at 12 kV .. 
For X- ray microscopy a Softex CMR unit was 
used. Micro graphs were obtained by sandwiching 
the specimen betwee n a 4 µm thick Mylar membrane 
a nd the photographic emulsion . The specimens were 
exposed at 3.75 kV for 3 minut es at a fixed focus 
to film di s tance of 40 mm in an air atmosphere. 
The Kodak 503 43 film was processed, dried and 
mounted , emul sion side uppermost, on to a 
microscopic slide for viewing using an Olympus 
microscop e . 
Results 
Acid Phosph a tas e 
Back sc attered electron imaging at 12 kV 
produced high atomic number contrast profiles of 
the localization of acid phosphatase released 
lead phosphate in the mi dgut of 5th instar 
Heliothis (Figur es 1- 2). At low magnification 
high-domed digestive cells bearing positive 
microvilli can be seen and fractured surfaces 
sho w positive intracellular sources of reaction 
pro duct (Figure 1). 
Hi ghe r magnification reveals a distinctive 
pa ttern in the di st ribution of acid phosphatase 
positive microvilli (Figures 2 and 4) which 
normally run as regular arrays on the apical 
surface of the digestive ce ll s. Mature cells 
showing secretory activity, however, assume a 
high-domed appearance and selectively lose 
microvilli at certain high spots. Topographical 
pro files (Figure 4) clearly show the mosaic 
distribution of the enzyme when compared with the 
secondary electron image (Figure 3). Fracture 
pl anes demonstrate the intracellular distribution 
of acid phosphatase (Figures 1 and 2). Vacuolar 
as well as diffuse sources of enzyme can be seen. 
Diffuse sources predominate basall y in certain 
cells, whilst vac uolar sources predominate in 
others . TEM sections examined for the 
localization of acid phosphatase confirm this 
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Figure 1. Backscattered electron image showing 
the localization of acid phosphatase in H. 
armigera midgut epit helium. Note positive 
microvilli (M), occas ionall y absent on the domed 
areas (D), vacuolar or l ysosomal sources of acid 
phosphatase (L), basal sources of free hydrolase 
(F) and goblet cell activity (G). An acid 
phosphatase positive haemocyte (H) can also be 
seen. 
Figure 2. The subce llular localization of acid 
phosphatase using backscattered electron imaging. 
Note positive apical microvilli (M), l yso somal 
(L) and free hydrolase (F) activity showing as 
bright areas of atomic number contrast. The 
blebbing cell (arrow) is clearly losing 
microvilli. 
pattern (co mpare Figures 5 and 6) and the free 
enzyme is clearly seen to be extra - cisternal or 
Bowen et al 
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Figure 6. Transmission electron micrograph 
illustrating the free extracisternal distribution 
of acid phosphatase (F) in senescent cells. This 
cytosolic distribution of an autolytic hydrolase 
can be interpreted as a marker of impending cell 
death. The enzyme first appears associated with 
the ribosomes (R) rather than the lysosomes. Note 
broken membranes (b) indicative of autolysis. 
Figure 3. Secondary electron image of H. armigera 
midgut (lumenal surface). High domed mature 
secretory cel ls can be seen but note the absence 
of any atomic number contrast typical of the 
compositional image seen in figure 4. 
Figure 4. Backscattered electron image of the 
lumenal surface. Note the bright areas denoting 
the presence of lead reaction product. Details of 
microvilli distribution can be seen (arrows). 
Some cells are negative, others bear negative 
patches i llu st rating the mosaic distribution of 
acid phosphatase. Compare with secondary electron 
image of the same specimen (Fig. 3). 
Figure 5. Transmission electron micrograph 
illustrating the cytochemical distribution of 
acid phosphatase in mature digestive cells. Note 
the accumulation of large positive secondary 
lysosomes (SL) . Apical acid phosphatase in the 
microvilli in this case is patchy. 
cytosolic, i.e. on the ribosomal surface. Free 
hydrolase appears to extend from the basal 
cytoplasm towards the apex in dying cells. 
Occasionally bright sources of reaction product 
can be seen attached to the basement membrane of 
the gut (Figure 1). These probably represent acid 
phosphatase positive haemocytes. The number of 
lysosomal or vacuolar sources within the 
digestive cells is variable (Figures 1 and 5) 
although the large secondary lysosomes 
predominate in the more mature cells before the 
onset of secretion. The brush border activity 
seen at pH 4.5 is sensitive to lOmM sodium 
fluoride and thus constitutes a true acid 
phosphatase activity. Close examination of the 
BEI o f physio l ogi c a l ce ll death 
Figure 7. The cytochemical distribution of ATPase 
activity in midgut cells. Note the apical brush 
bor de r (B) is positive. Some traces o f activity 
can also be seen in the basal plasma membrane 
(arrows). 
Figure 8. Transmission 
showing the localization 
the apical microvilli 
(uncounterstained). 
electron 





test results, however, shows that the 
distribution of the enzyme at the brush border is 
not uniform, some cells being negative. 
'No-substrate' controls were negative except for 
so me occ asi onal non - spec ifi c nucl ear staining. 
The distribution of free-acid phosphatase 
positive cells corresponds to the distribution of 
ATPase free cells in terms of general pattern and 
numbers although the former appear positive 
earlier on during development and in a staggered 
mann er. More importantly cells showing free acid 
hydrolas e activity also bear morphological signs 
of lysis in TEM such as condensation of cytoplasm 
giving a denser darker appearance and vacuolated 
broken membranes (Figure 6 ). Cells having a 
normal, fine s tructure do not exhibit free acid 
phosphatase activity. 
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Figure 9. Backscattered electron image showing 
the distribution of ATPase activity in the 
midgut. The lead co ntaining reaction product 
imparts high atomic number contrast to the 
positive apica l microvilli . Sl i ght non-specific 
nuclear staining can also be seen (N). 
Figure 10. Backscat tered electron image of ATPase 
activity in a late 5th instar larva . Note black 
patches (ar rows) indicative of non-viable cells 
showing lack of ATPase activity. Proliferative 
replacement cells (R) can be seen basally. 
ATPase 
---C onventional techniques reveal a brush 
border localization of ATPase thr oughout the 
midgut of Heliothis armigera (Figures 7 and 8). 
This is clearly associated with the apical 
microvilli (Figure 8). Slight sources of basal 
plasma membrane activity can occasionally be seen 
(Figure 7). In the backscattered mode the brush 
borders stand out in high contrast like 
snowcapped mountains; slight non-specific nuclear 
counterstaining can also be seen (Figure 9). 
In epithelia from mature or late 5th instar 
larvae, enhanced cell replacement can be seen 
with undifferentiated cells proliferating basally 
and negative areas, where no ATPase activity is 
present, appear apically ,(Figure 10). Single cell 
loss of ATPase can more readily be seen in the 
Bowen et al 
Figure 11. The localization of ATPase ac tivity in 
midgut epithelium examined in the X-ray 
microscope. The lead reaction product scatters 
X-rays and positive cells show as rings of 
reinforced reaction product, dead cells bearing 
no ATPase activity as black holes (arrows). 
Figure 13. Secondary electron image (a) and 
backscattered electron image (b) of whole blowfly 
salivary gland from 8 day old metamorphosing 
larva. The gland has been incubated to 
demonstrate ATPase activity. (a) demonstrates 
topography only, (b) shows the distribution of 
lead phosphate reaction product by means of 
atomic number contrast in the still active 
imaginal cells (I) and an enhancement of ATPase 
activity (arrows) in cells bordering the negative 
cells which are dying centrally (d) as part of 
the metamorphic collapse. 
X-ray microscope (Figure 11), where negative 
cells stand out as "black holes", such cells can 
be assumed to be "non-viable" as they have lost 
the ATPase activity that normally sustains vital 
ion pumps in the plasma membrane . In the X-ray 
microscope positive cells appear ringed as the 
depth of microvilli reinforces the X-ray 
scattering effects of the lead reaction product 
in whole gut samples. 
X-ray microanalysis (Figure 
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Figure 12. Energy dispersive X-ray spectrum (0.8 
to 5.9 keV) derived from a point analysis of a 
free acid phosphatase positive cell analysed at 
12 kV in the SEM. The presence of lead (PB) is 
demonstrated at the M line (dotted spectrum) and 
confirms the presence of enzymatically released 
reaction product. The solid spectrum represents 
the analysis of an adjacent negative region of 
the Heliothis midgut. Residual levels of calcium 
Ca can also be seen. 
mode contain lead rich reaction product, i.e. 
positive areas. Dark regions showed no lead 
present on microanalysis at 12 kV. Interestingly 
some e l evation of calcium can also be detected in 
cells containing free acid phosphatase. 
All no-substrate control runs proved 
negative. In test samples most ATPase activity is 
seen in the microvilli at pH 8 (Figure 8) 
although slig ht basal cell membrane activi ty 
occas i onally occurs (Figure 7). When tissues 
are treated with bromotetramisole, an alkaline 
phosphatase inhibitor, high levels of activity 
persist in the microvilli indicating that the 
microvilli activity is not exclusively due to 
alkaline phosphatase. A complicating factor is 
that the brush border ATPase activity is not 
completely ouabain sensitive. 
Cell deletion in Heliothis gut is scattered 
in distribution and single in nature and it is, 
therefore, difficult to get a precise spatial 
correlation between high acid phosphatase and low 
ATPase activity. However, a positive control 
experiment has been carried out on Calliphora 
salivary glands, where the cells are known to 
crash more or less simultaneously. In this 
example dying cells show an increase in free 
hydrolase at day 7 of larval life followed by a 
collapse of ATPase activity at day 8 (see Figure 
13). Close examination of Figure 13 shows that 
BEI of physiological cell death 
there is an e nhancement of ATPase activity as 
de monstrated by the p res ence of lead phosphate in 
the cells surrounding the collapsed dead cells, 
this would fit in with t he idea that there is a 
surge of synthetic activity immediately preceding 
programmed cell death before the final collapse. 
Imaginal cells at the base of the salivary gland 
show only a modest background level of atomic 
number contrast presumably reflecting the normal 
metabolic background level of ATPase activity. 
The backscattered image (b) contrasts well with 
the secondary electron image (a) which reveals 
topography only and the pair illustrates nicely 
how backscattered electron imaging can be used to 
localize enzymatic activity in bulk samples or 
who le organs. In this case the dark or unreactive 
areas represent dead cells. 
The correlation between calcium overload and 
cell death has been broadly established in the 
literature in both induced necrosis and apoptosis 
or programmed cell deletion. Although the 
material presented here for Heliothis is 
pre-fixed before freeze drying or critical point 
drying, higher levels of calcium were found in 
dying free hydrolase positive cells than in 
normal intact cells . 
All the "no-substrate" control runs proved 
negative except for some nuclear counterstaining 
and no significant changes in alkaline 
phosphatase or GTPase activity could be 
histochemically detected as a prelude to cell 
death. 
Discussion 
Newcombe and Boyde (1980) concluded that the 
use of backscattered electron imaging in the 
sca nning electron microscope extends the 
methodological options open to the histochemist. 
Res ults presented here confirm this in that 
greater depth of field and higher resolution 
espe cially at low magnification were two of the 
adv antages obta ined over conventional light 
microscopy. The possibility of comparing surface 
and sub-surface enzyme localization and using 
s t ereo microscopic techniques are additional 
advantages. Problems of interpretation often mean 
that BEI and certainly the more novel X-ray 
microscopy of enzymic reaction products require 
checking through comparisons with conventional 
techniques. In this context BEI in a scanning 
e lectron microscope, operated in the transmission 
mode, could be particularly useful in confirming 
sub-cellular localizations. 
Although normal TEM will naturally provide 
higher resolution of fine structure the 
contribution of backscattered imaging and X-ray 
microscopy to rapid bulk analysis is valuable 
especially in order to map the distribution of 
induced or developmental cell death. In the 
former case whole organs or organisms could be 
examined for the pattern of cell death before, 
during and after pesticidal treatment giving 
valuable information on histopathology and 
pe sticide targeting, especially, if 
cholinesterase activity were monitored, for 
example. Similarly the effects of drugs on cell 
death in epithelia could readily be examined. 
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The techniques presented here could have an 
useful application for the rapid localization of 
cell death in bulk specimens (Worrill and Bowen 
1987) even whole intact gut could be analysed in 
the X-ray microscope. Such studies would have 
relevance and value in the field of developmental 
biology and particularly in studies of 
metamorphosis and morphogenesis that involve 
programmed cell death. The distribution of free 
extra lysosomal acid phosphatase in mature gut 
cells can only be interpreted as autolytic and 
associated with impending cell death and deletion 
(Bowen 1981, 1984). Such autolytic sources are 
involved in cell deletion pending cell or tissue 
replacement and occur as a prelude to 
morphogenesis and insect metamorphosis (Skelton 
and Bowen 1988). On a point of detail, Armbruster 
(1987) and Levy and Bautz (1985) have 
demonstrated the involvement of acid phosphatase 
positive haemocytes in metamorphic programmed 
cell death in the blow fly. These cells are 
similar to the positive cells observed in this 
study attached to the gut basement membrane . 
The approach outlined here could be further 
developed by applying the more recent techniques 
for demonstrating ATPase activity as described by 
Mayahara et al (1980, 1983). Basal plasma 
membrane ATPase activity has been reported in 
various insect epithelial cells and apical ATPase 
activity has been characterized in mosquito 
larval gut (Hussein et al 1986) the ouabain 
insensitivity of such tissues has been reviewed 
by Jungereis (1977) and Anstee and Bowler (1979). 
The current view is that a specific potassium 
activated apical plasma membrane ATPase activity 
occurs in particular insect epithelia which is 
ouabain resistant (Harvey et al 1983, English and 
Cantley 1985). 
The techniques described here could also 
prove useful in picking up early indications of 
necrosis and could have an application in 
pathology and cytotoxicology. Preliminary BEI 
could be followed by a more precise X-ray 
microanalysis of thin frozen sections, 
particularly in the context of calcium overload 
and induced cell death (Trump et al 1981). Cohen 
and Duke (1984) and Mullarkey (1987) have also 
implicated calcium in programmed cell death . A 
broader application of backscattered electron 
imaging may develop in an immunological context 
(Soligo et al 1985) involving both a wider range 
of enzymes and proteins as well as metallic 
markers . Colloidal gold markers can readily be 
visualized by means of BEI and could be bound 
with antibodies to any enzyme or protein. 
This work represents a base line study of 
the underlying developmental cell death in 
Heliothis armigera larvae and is preliminary to 
an investigation of Bacillus thuringiensis 
endotoxin induced cell death . Coincidentally, 
Struder and Herman (1985) have demonstrated the 
fine structural localization of colloidal gold 
bound Bacillus thuringiensis endotoxin on 
lepidopteran midgut microvilli, by means of 
backscattered electron imaging in the SEM. The 
histopathology which follows such uptake must 
await further investigation. 
Bowen et al 
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Discussion with Reviewers 
Reviewer: You suggest that the ATPase activity in 
the apical membrane is connected to ion 
transport. Which ions do you think are 
transported by these apical ATPases and how does 
that fit in with what is known about ion trans-
port in insect midgut epithelium? 
Authors: A membrane bound K+ sensitive, ouabain 
1461 
resistant ATPase activity has been demonstrated 
in insect midgut, salivary glands and sensilla, 
"text reference" (Harvey et al 1983). 
Electrochemical, tracer flux and conductance 
evidence suggests that the K+ pump is on the 
apical plasma membrane of transporting cel ls. 
This is confirmed by X-ray microanalysis, (Gupta 
et al 1978), which reveals a concentration in 
excess of lOOmM per litre K+ in such cells. 
Together with microelectrode data these XMA 
results confirm an apical K+ pump location which 
can facilitate a large apical potential 
difference which may be used in nutrient 
absorption and pH regulation. 
Recent evide nce suggests that 
thuringiensis endotoxin inhibits the 
ATPase activity and lowers cytoplasmic 
Bacillus 
apical K+ 
pH as part 
of its insecticidal activity, "text reference" 
(English and Cantley 1985). 
Reviewer: If you want to correlate BEI of 
phosphatase-reacted tissue with X-ray 
microanalysis of calcium, how do you plan to 
circumvent the problem that fixation is used for 
the histochemical technique, whereas fixation 
cannot be used in the microanalytical 
investigation? 
Authors: It is not our intention to suggest that 
e nz yme localization and e lectrolyte measurements 
could be performed on the same tissue sections 
because of the specific requirements of the 
methodologies involved, the approaches are 
technically incompatib l e. The use of unfixed 
frozen sections is clearly recommended to detect 
absolute ionic shifts (Morgan 1980). In this 
present histochemical study, X-ray microanalysis 
is used to confirm the occurrence of lead 
containing reaction product in free acid 
phosphatase positive cells. Higher residual 
levels of calcium have been incidentally noted in 
such cells as compared with normal cells in a 
prefixed freeze dried specimen. The observation 
simply serves to indicate that calcium overload 
measured by anhydrous preparative procedures that 
do not compromise the chemical fidelity of the 
tissues, might be used as a further diagnostic 
feature of dying cells. 
Reviewer: Why would one be concerned about the 
effect of Bacillus thuringiensis on the midgut of 
the Cotton Boll worm? 
Authors: Bacillus thuringiensis endotoxin 
operates as a potent natural insecticide through 
the induction of midgut cell death in certain 
Dipteran and Lepidopteran pests including the 
Cotton Boll worm. However, before establishing 
the pattern of induced cell death it is important 
to map out the pattern of cell replacement or 
natural programmed cell death found during normal 
insect development. Recent data suggests that 
B.t. endotoxin does interfere with the operation 
of K+ ATPase activity, an enzyme whose activity 
also crashes during programmed cell death when 
the integrity of the plas ma membrane is finally 
compromised. There is therefore a considerable 
interest in the mode of action of B.t. endotoxin 
Bowen et al 
as a mediator of cell death and as a potentially 
significant natural insecticide, "text r e ference" 
(Ellar et al 1985). 
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